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[FIG. 6]

310+




U.S. Patent Oct. 24, 2023 Sheet 7 of 11 US 11,800,672 B2

[FIG. 7]

00 - 360

' a ~322

310+

380

~340




US 11,800,672 B2

Sheet 8 of 11

Oct. 24, 2023

[FIG. 8]

U.S. Patent

) |
211 2

s g
= <
\

/ 3

\o

S -. rw o _u_,.n_.e o e .ﬂf.ﬂﬂ 3 m/#n_ o &
; ,.m__ - , & /r n/r = N u/,r \
- | | N ////A% /
N Ry , /// // AN W/,

= J- u...

Ve
b . ; ‘.. A . . . | . |
. ..... ] : ' L v | N iy =
v, : . L] ) ) v ] “ h “r q n
% .‘. ] o .l_..... e, 3 1 Lo i r: o e v E ) - __. .
. f ..|””..... - . " L B, ! |.”.... . J.-.. \ |H..ﬂ.... .. .J“... : ! ", ” ..r..” 2 . .
g A W : . . . A ° )
. h. h.w | [ y .. .. r ; .. .". . -___.... N ”.u wamm 1] E. u. o u. l“. u ﬁ
3 b -..__.__. ..1.-....

400

A1 00—

A10b— —
410G~
A410d —

47 04

432




US 11,800,672 B2

Sheet 9 of 11

Oct. 24, 2023

U.S. Patent

[FIG. 9]




US 11,800,672 B2

Sheet 10 of 11

Oct. 24, 2023

U.S. Patent

[FIG. 10]




US 11,800,672 B2

Sheet 11 of 11

Oct. 24, 2023

U.S. Patent

[FIG. 11]

.V
/

:!‘,IL L
/ -f.ﬁ /’; .

.F.‘_lu! o L) s
L A
) . -
re===fs7 ~
; 2 —~
Q__ /
O =T (-
) @) ~—
=T T I
- -
®) )
<T =




US 11,800,672 B2

1
TOWER-SHAPED SUPPORT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Stage filing under 335
U.S.C. 371 of International Application No. PCT/KR2019/
010295, filed on Aug. 13, 2019, which claims the benefit of
carlier filing date and right of priority to Korean Application
No. 10-2018-0096082, filed on Aug. 17, 2018 and Korean
Application No. 10-2018-0096084, filed on Aug. 17, 2018,
the contents of which are all hereby incorporated by refer-
ence herein 1n their entirety.

FIELD

The present disclosure relates to a tower-shaped support
apparatus having an insulating structure and supporting a
plurality of modular current-limiting resistors.

BACKGROUND

In general, a current-limiting resistor (CLR) functions to
limit a fault current. The current-limiting resistor 1s applied
to a power system to limit the fault current that occurs in the
power system. When the current-limiting resistor 1s used,
damage to a power device or power failure may be prevented
even when the fault current occurs.

Since a required resistance magnitude varies depending
on a power system to which the CLR 1s applied, a design of
the current-limiting resistor varies according to the resis-
tance magnitude. Hereinafter, a conventional current-limit-
ing resistor will be described with reference to the drawings.

FIG. 1 1s a perspective view showing a conventional
current-limiting resistor.

As shown 1 FIG. 1, a conventional current-limiting
resistor 1 has a structure in which plate resistor pieces 3 are
stacked vertically and welded with each other such that the
number of the stacked plate resistor pieces 3 1s based on the
resistance magnitude required for the power system to which
the CLR 1s applied. The plate resistor pieces 3 are stacked in
a meandering meander structure such that a constant spacing
1s maintained between neighboring plate resistor pieces 3.
The plurality of plate resistor pieces 3 are welded with each
other via contact point welding. An msulating member 5 1s
inserted between the plate resistor pieces 3.

The current-limiting resistor 1 as described above 1s
constructed so that the resistor pieces 3 are stacked, and
fixed and then an insulator 7 1s coupled thereto. Then, the
current-limiting resistor 1 1s mounted directly to a switch-
board without a separate supporting structure or storage
structure. The 1nsulator 7 1s provided to minimize deforma-
tion of the current-limiting resistor due to attraction and
repulsion between the resistor pieces that occur when lim-
iting the fault current.

In the current-limiting resistor 1 according to the prior art,
the resistor pieces 3 are welded with each other such that the
number of the pieces 3 i1s based on required resistance
magnitude. Thus, when the required resistance magnitude 1s
large, a size ol the current-llimiting resistor 1 1s also
increased.

However, the current-limiting resistor 1 only having the
insulator 7 1s mounted on the switchboard while not using a
separate structure to support the current-limiting resistor 1.
Thus, the current-limiting resistor 1 1s aflected by an exter-
nal environment. The conventional current-limiting resistor
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1 has no protection and support structure, so that there 1s a
risk of failure of or damage to the current-limiting resistor 1.
Further, when the size of the current-limiting resistor 1
increases, 1t 1s diflicult for an operator to move the current-
limiting resistor 1. Accordingly, the current-limiting resistor
1 according to the prior art may be damaged during transfer
thereof. When moving or installing the current-limiting
resistor 1, there may be risk of 1injury to the operator.

SUMMARY

A purpose of the present disclosure 1s to provide a
tower-shaped support apparatus 1n which a current-limiting,
resistor 1s easily mounted.

A purpose of the present disclosure 1s to provide a
tower-shaped support apparatus having excellent cooling
performance to cool down a current-limiting resistor.

The purposes of the present disclosure are not limited to
the above-mentioned purposes. Other purposes and advan-
tages of the present disclosure, as not mentioned above, may
be understood from the following descriptions and more
clearly understood from the embodiments of the present
disclosure. Further, 1t will be readily appreciated that the
objects and advantages of the present disclosure may be
realized by features and combinations thereof as disclosed in
the claims.

A first aspect of the present disclosure provides a tower-
shaped support apparatus comprising: a plurality of main
frames, each extending in a vertical direction upwardly of an
installation face; a plurality of support frames arranged
vertically, each support frame extending in a horizontal
direction and coupled to the main frames, wherein a pair of
opposing support frames are spaced from each other and are
disposed at the same vertical level, and support a corre-
sponding current-limiting resistor unit module limiting a
tault current of a power system; and lower frames and upper
frames respectively installed on tops and bottoms of the
main frames, and grounded.

In one implementation of the first aspect, the pair of
opposing support frames support a bottom of corresponding
the current-limiting resistor unit module.

In one implementation of the first aspect, the support
frame 1s made of a conductive matenal.

In one implementation of the first aspect, the apparatus
further comprises a plurality of module coupling links,
wherein each link has one end coupled to the support frame
using a bolt, and the other end coupled to a corresponding
current-limiting resistor unit module using a bolt such that
the support frame and the corresponding current-limiting,
resistor unit module are coupled to each other via each link,
wherein each link has a bar shape and 1s made of a
conductive material.

In one implementation of the first aspect, the apparatus
further comprises: a plurality of first msulating members
respectively 1nstalled between the main frames and the
lower frames and between the main frames and the upper
frames to insulate the main frames and the lower frames
from each other and msulate the main frames and the upper
frames from each other; and a plurality of busbars installed
on the main frames to electrically connect the power system
and the current-limiting resistor unit modules to each other.

In one implementation of the first aspect, the busbar has
one end coupled to the main frame and the other end coupled
to the current-limiting resistor unit module.

In one implementation of the first aspect, the busbars are
arranged on the main frames 1n a zig-zag manner to allow
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the plurality of the current-limiting resistor unit modules to
be sequentially and electrically conductive.

When a fault current occurs 1n the power system, the fault
current tlows through the busbar to the current-limiting
resistor unit module which may limit the fault current.

In one implementation of the first aspect, the main frame
1s made of an insulating material.

In one 1implementation of the first aspect, the apparatus
turther comprises a plurality of upper base frames disposed
between and coupled to the first insulating members and the
main frames to support the main frames.

In one 1implementation of the first aspect, the apparatus
turther comprises a plurality of second nsulating members
installed at the upper base frames, and extending between
opposing upper base frames to insulate the opposing upper
base frames from each other.

In one 1mplementation of the first aspect, the apparatus
turther comprises a stopper Irame horizontally extending
between opposing main frames, and positioned at a position
opposite to a position from which the current-limiting resis-
tor umit module 1s inserted, wherein the stopper frame limits
horizontal movement of the current-limiting resistor unit
module.

In one mmplementation of the first aspect, the support
frame extends in a direction perpendicular to a direction 1n
which plate resistors of the current-limiting resistor unit
module are stacked, and supports the current-limiting resis-
tor unit module.

A second aspect of the present disclosure provides a
tower-shaped support apparatus comprising: a plurality of
main frames, each extending in a vertical direction upwardly
of an 1nstallation face; a plurality of support frames arranged
vertically, each support frame extending in a horizontal
direction and coupled to the main frames, wherein a pair of
opposing support frames are spaced from each other and are
disposed at the same vertical level, and support a corre-
sponding current-limiting resistor unit module limiting a
fault current of a power system; lower frames and upper
frames respectively installed on tops and bottoms of the
main frames, and grounded; a plurality of first nsulating
members respectively installed between the main frames and

the lower frames and between the main frames and the upper
frames to insulate the main frames and the lower frames
from each other and insulate the main frames and the upper
frames Irom each other; and a plurality of busbars installed
on the main frames to electrically connect the power system
and the current-limiting resistor unit modules to each other.

In one implementation of the second aspect, the apparatus
turther comprises a plurality of module coupling links,
wherein each link has one end coupled to the support frame
using a bolt, and the other end coupled to a corresponding
current-limiting resistor unit module using a bolt such that
the support frame and the corresponding current-limiting,
resistor unit module are coupled to each other via each link,
wherein each link has a bar shape and 1s made of a
conductive material.

In one 1mplementation of the second aspect, the busbar
has one end coupled to the main frame and the other end
coupled to the current-limiting resistor unit module.

In one implementation of the second aspect, the apparatus
turther comprises a plurality of upper base frames disposed
between and coupled to the first insulating members and the
main frames to support the main frames.

In one implementation of the second aspect, the apparatus
turther comprises a plurality of second insulating members
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installed at the upper base frames, and extending between
opposing upper base frames to 1nsulate the opposing upper
base frames from each other.

According to the present disclosure, a single current-
limiting resistor device may be constructed by inserting and
fixing a plurality of current-limiting resistor unit modules
one by one. Thus, the installation of the current-limiting
resistor 1s easy and assembly thereof 1s improved. Further,
workability and convenience when the operator installs the
current-limiting resistor unit module are improved.

Further, the tower-shaped support apparatus according to
the present disclosure accommodates and supports the cur-
rent-limiting resistor unit modules 1n a direction perpendicu-
lar to a stacking direction of the current-limiting resistor unit
modules. Thus, even when the plurality of unit modules are
stacked, all thereof may be cooled using natural convection.

Further, the tower-shaped support apparatus according to
the present disclosure has an insulating structure of the
frame so that the external voltage 1s applied only to the
current-limiting resistor in a state where the current-limiting
resistor unit modules are inserted. Thus, the frame may be
clectrically and structurally stable, thereby minimizing
deformation of the frame. Since the frame 1s electrically and
structurally stable, the current-limiting resistor device may
stably operate.

BRIEF DESCRIPTIONS OF DRAWINGS

FIG. 1 1s a perspective view showing a conventional
current-limiting resistor.

FIG. 2 1s a perspective view showing a tower-shaped
support apparatus according to an embodiment of the pres-
ent disclosure.

FIG. 3 1s a perspective view showing main components of
the tower-shaped support apparatus according to FIG. 2.

FIG. 4 1s a perspective view showing a lower support
structure of the tower-shaped support apparatus according to
FIG. 2.

FIG. 5 1s a perspective view showing a state in which a
current-limiting resistor unit module 1s coupled to a tower-
shaped support apparatus according to an embodiment of the
present disclosure.

FIG. 6 and FIG. 7 are perspective views showing a
tower-shaped support apparatus according to other embodi-
ments of the present disclosure.

FIG. 8 1s a perspective view showing a tower-shaped
support apparatus according to another embodiment of the
present disclosure.

FIG. 9 1s a perspective view showing main components of
the tower-shaped support apparatus according to FIG. 8.

FIG. 10 1s a perspective view showing a lower support
structure of the tower-shaped support apparatus according to
FIG. 8.

FIG. 11 1s a perspective view showing a state in which a
current-limiting resistor unit module 1s coupled to a tower-
shaped support apparatus according to another embodiment
of the present disclosure.

DETAILED DESCRIPTION

The above purposes, features and advantages will be
described later 1n detail with reference to the accompanying
drawings. Accordingly, a person with ordinary knowledge 1n
the technical field to which the present disclosure belongs
may easily implement the technical i1dea of the present
disclosure. In describing the present disclosure, when 1t 1s
determined that detailed description of a known component
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related to the present disclosure may unnecessarily obscure
g1st of the present disclosure, the detailed description thereof
1s omitted. Hereinafter, a preferred embodiment according to
the present disclosure will be described in detail with
reference to the accompanying drawings. In the drawings,
the same reference numerals are used to indicate the same or
similar elements.

FIG. 2 1s a perspective view showing a tower-shaped
support apparatus according to an embodiment of the pres-
ent disclosure. FIG. 3 1s a perspective view showing main
components of the tower-shaped support apparatus accord-
ing to FI1G. 2. FIG. 4 1s a perspective view showing a lower
support structure of the tower-shaped support apparatus
according to FIG. 2. FIG. 5 1s a perspective view showing
a state 1n which a current-limiting resistor unit module 1s
coupled to the tower-shaped support apparatus according to
an embodiment of the present disclosure.

As shown in FIGS. 2 to 5, a tower-shaped support
apparatus 300 according to an embodiment of the present
disclosure houses a plurality of current-limiting resistor unit
modules 100. The tower-shaped support apparatus 300
includes a plurality of main frames 310 constituting a basic
framework, and a plurality of support frames 320 installed
on the main frames 310 to support the current-limiting
resistor unit modules 100 thereon. Further, the tower-shaped
support apparatus 300 further includes a lower base frame
330 supporting the main frames 310 and the support frames
320, and a lower frame 340 fixed to an installation face. The
tower-shaped support apparatus 300 further includes an
upper base frame 350 that supports the main frame 310 and
the support frame 320, and an upper frame 360 that fixes the
upper base frame 350. First insulating members 370 for
insulation may be respectively installed between the lower
base frame 330 and the lower frame 340 and between the
upper base frame 350 and the upper frame 360. Second
insulating members 380 for additional insulation may be
respectively on the lower base frame 330 and the upper base
frame 350. While the current-limiting resistor unit modules
100 are 1nstalled 1n the tower-shaped support apparatus 300,
the current-limiting resistor unit modules 100 are electrically
connected to a power system via a plurality of busbars 390.

As shown 1n FIG. 2 and FIG. 3, the main frames 310
constitutes the basic framework of the tower-shaped support
apparatus 300. The main frames 310 may extend vertically
from the installation face. The four main frames 310 may be
arranged and spaced apart from each other to accommodate
the hexahedral current-limiting resistor umt modules 100
(refer to FIG. 5). The main frames 310 may be made of an
insulating material and thus may not be conductive with the
current-limiting resistor unit module 100 installed thereon.

Further, the main frames 310 may be coupled to the
support frames 320 using bolts, and support the current-
limiting resistor unit modules 100. Therefore, the main
frames 310 may be arranged to define a rectangular paral-
lelepiped.

The main frames 310 include a first frame 310aq and a
second frame 31054. The second frame 3105 1s spaced apart
from the first frame 310a by a predefined spacing. A third
frame 310c¢ and a fourth frame 310d are opposite to the first
frame 310aq and the second frame 3106, respectively. A
spacing between the first frame 310a and the second frame
3105 1s the same as that between the third frame 310¢ and
the fourth frame 310d4. A spacing between the first frame
310a and the third frame 310c¢ 1s greater than that between
the first frame 310q and the second frame 3105. Similarly,
a spacing between the second frame 3105 and the fourth
frame 3104 1s greater than that between the first frame 310a
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and the second frame 310b5. A spacing between the first
frame 310a to the fourth frame 3104 may be set in consid-
eration of a size of the current-limiting resistor unit module
100. The support frames 320 may be coupled to the first
frame 310q to the fourth frame 310d.

The support frames 320 extends horizontally, that 1s, 1n a
parallel manner to the installation face, that 1s, 1n a perpen-
dicular manner to the main frames 310. Since the current-
limiting resistor unit modules 100 are stacked 1n the length
direction of the main frames 310, an extension direction of
the support frames 320 1s perpendicular to a direction in
which plate resistors 130 of the current-limiting resistor unit
module 100 are stacked. The support frames 320 include a
plurality of support frames. A pair of the support frames 320
are mounted at the same vertical level. The support frame
320 may be made of a conductive material so that the
current-limiting resistor unit module 100 and the support
frame 310 coupled to the current-limiting resistor unit
module 100 have a common mode voltage. In this connec-
tion, the common mode voltage may refer to a phenomenon
in which a voltage applied to the unit module and a voltage
applied to the support frame are equal to each other. This
will be described later.

As shown 1n FIG. 2 and FIG. 3, a first support frames 320
1s coupled, at both ends thereot, to the first frame 310a and
the third frame 310c, respectively. Further, a second support
frame 320 1s coupled, at both ends thereof, to the second
frame 3105 and the fourth frame 3104, respectively. The first
support frame 320 coupled to the first frame 310q and the
third frame 310c¢ 1s disposed at the same vertical level as that
of the second support frame 320 coupled to the second frame
3106 and the fourth frame 310d. The pair of support frames
320 at the same vertical level support one current-limiting
resistor unit module 100 thereon (See FIG. 5).

A Tace of the support frame 320 contacting a bottom of the
current-limiting resistor unit module 100 faces upwardly of
the tower-shaped support apparatus 300. A face that 1s bent
vertically from the face facing upward 1s fixed to the main
frame 310. Fixing of the support frame 320 to the main
frame may be accomplished using bolts and nuts.

The current-limiting resistor unit module 100 has a struc-
ture 1n which a plurality of stacked resistors are supported,
on both opposing sides thereot, by the frames, respectively.
The current-limiting resistor unit module 100 may be pushed
along a length direction of the frame and then mounted on
the support frames 320. That 1s, when the operator puts the
current-limiting resistor unit module 100 on the support
frame 320 and presses and pushes the module 100, the
current-limiting resistor unit module 100 may be seated on
the support frames 320.

Although not shown 1n the drawing, a stopper frame or the
like may be disposed to limit movement of the current-
limiting resistor unit module 100 so that the current-limiting
resistor umit module 100 does not deviate from the support
frame 320. The stopper frame may extend between adjacent
main frames 310 and i1n a perpendicular manner to the
direction of movement of the current-limiting resistor unit
module 100. That 1s, based on FIG. 3, the stopper frame may
extend between the third frame 310c¢ and the fourth frame
3104

A direction 1 which the plate resistors of the current-
limiting resistor unit module 100 are stacked 1s perpendicu-
lar to a length direction of the main frame. The support
frames 320 may be arranged vertically and spaced from each
other vertically and support the current-limiting resistor unit
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modules 100 arranged along a direction perpendicular to the
stacking direction of the current-limiting resistor unit mod-
ules 100.

A plurality of bolt holes 322 are defined 1n the support
frame 320 to {ix the current-limiting resistor unit module 5
100 thereto. The bolt holes 322 are formed 1n a face of the
support frame fixed to the main frame 310 and are formed
to pass through the support frame and are arranged along the
length direction of the support frame 320. A module cou-
pling link 324 1s fixed to the bolt hole 322 using a bolt 326 10
to fix the current-limiting resistor unit module 100 to the
support frame. A conductive line 1s formed via a plurality of
busbars 390 1n a state 1n which the current-limiting resistor
unit modules 100 are accommodated 1n the apparatus. The
current-limiting resistor unit module 100 1s conductive only 15
via the busbar 390. This will be described later.

As shown 1n FIG. 5, the module coupling link 324 may be
embodied as a bar made of a conductive material and having
a predefined length. The module coupling link 324 has one
end coupled to the support frame 320 and the other end 20
coupled to a frame of the current-limiting resistor unit
module 100. The module coupling link 324 1s coupled to the
support frame 320 and the current-limiting resistor unit
module 100 using the bolts 326. The module coupling link
324 and the support frame 320 are made of the conductive 25
material. Thus, when voltage 1s applied to the current-
limiting resistor unit module 100, a common mode voltage
1s applied to the support frame 320 via the module coupling
link 324.

After the main frames 310 and the support frame 320 30
having the above-described structures are coupled to each
other, tops and bottoms thereot are fixed to the installation
face via the support structure and the insulator.

As shown 1n FIG. 2 and FIG. 4, the lower base frames 330
are coupled to the bottoms of the main frames 310. The 35
lower base frames 330 are supported on a plurality of first
insulating members 370. The first insulating members 370 1s
supported on the lower frame 340 that 1s fixed to the
installation face. A second sulating member 380 1is
installed between the lower base frames 330. 40

The lower base frames 330 are coupled to the bottoms of
the main frames 310 to support the main frames 310. The
lower base frame 330 has a predefined thickness and size.
FIG. 4 shows an example 1n which the lower base frame has
a hexahedral shape. The lower base frames 330 includes a 45
pair of the lower base frames. The lower base frame 330
extends 1n a direction corresponding to the length direction
of the support frame 320 to support a pair of main frames
310. Based on FIG. 4, one lower base frame 330 may
support the first frame 310aq and the third frame 310¢, while 50
the other lower base frame 330 may support the second
frame 3105 and the fourth frame 310d. The lower base frame
330 may be coupled to the main frame 310 using a con-
necting bracket 332 and a bolt 326.

The connecting bracket 332 i1s a L shaped bracket and 1s 55
coupled to the main frame 310 via a plurality of bolts 334.

The lower base frame 330 may be made of a material
having predefined rigidity to support the plurality of current-
limiting resistor unit modules 100. For example, the lower
base frame 330 may be made of SUS (stainless steel). 60

The first insulating member 370 1s coupled to a bottom of
the lower base frame 330.

The first insulating member 370 may act as an insulator
and may include a plurality of the first insulating members
to support the lower base frames 330. Four first insulating 65
members 370 may be provided to support both ends of each
of the two lower base frames 330. The first insulating
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member 370 has one end coupled to a bottom face of the
lower base frame 330 and the other end coupled to a top face
of the lower frame 340. The first insulating member 370
serves as an 1nsulator between the lower base frame 330 and
the lower frame 340.

The lower frame 340 supports the first insulating member
370 and 1s fixed to the installation face. The lower frames
340 should support a total weight of the tower-shaped
support apparatus 300. Therefore, lower frame 340 may be
made of a material with predefined thickness and rnigidity.
For example, the lower frame 340 may be made of steel.

Even when the lower frame 340 1s made of a conductive
material, the lower frame 340 1s fixed to the 1nstallation face,
and thus may be defined as ‘ground’. Since the current tends
to flow toward a portion having a smaller resistance, the
current may flow toward the ground when the fault current
flows 1nto the current-limiting resistor unit module 100. To
prevent this problem, the first msulating member 370 1s
installed.

In one example, a second isulating member 380 may be
installed between the lower base frames 330. The second
insulating member 380 1s mstalled between the pair of lower
base frames 330 to msulate the lower base frames 330 from
cach other.

The lower support structure having the above-described
structure may be applied in the same manner to a top portion
ol the tower-shaped support apparatus 300 (Since the upper
support structure has the same configuration and shape as
those of the lower support structure, detailed description of
the upper support structure will be omaitted).

As shown 1n FIG. 2, a pair of upper base frames 350 is
coupled to tops of the main frames 310. The upper base
frame 350 1s coupled to the main frame 310 by fastening a
connecting bracket 352 using a bolt 354. A second insulating
member 380 1s installed between the upper base frames 350.
Four second insulating members 380 are coupled to tops of
the upper base frames 350. The upper frame 360 1s coupled
to the top of the first mnsulating member 370. The upper
frame 360 may be fixed to a top of a switchboard or a top
of an outer casing. The upper frame 360 also serves as the
ground.

The tower-shaped support apparatus 300 having the above
structure accommodates and supports the plurality of cur-
rent-limiting resistor unit modules 100 to define a single
conductive line. This will be described 1n detail with refer-
ence to FIG. 5 as follows.

The tower-shaped support apparatus 300 houses the cur-
rent-limiting resistor unit modules 100 such that the number
of the modules 1s based on a power system to which the
modules are applied. For example, one current-limiting
resistor unit module 100 may have a resistance magnitude of
1 ohm (a), and 8 ohms resistance of the current-limiting
resistor 1s required for the power system. Thus, the tower-
shaped support apparatus 300 may house 8 current-limiting,
resistor unit modules 100 to form the 8 ohm current-limiting
resistor.

The current-limiting resistor unit module 100 includes a
plurality of plate resistors, each extending 1n a meandering
manner, and a pair of support frames for supporting the
stacked resistors.

One plate resistor has a conductive line extending 1n a
meandering manner. In one unit module 100, the plate
resistors defines a single conductive line. The stacking
direction of the resistors 1s horizontal in a parallel manner to
the installation face where the tower-shaped support appa-
ratus 300 1s installed.
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The plurality of current-limiting resistor unit modules 100
housed in the tower-shaped support apparatus 300 may be
clectrically connected to each other via the plurality of
busbars 390, thereby to form a single conductive line.

A first busbar 392 may be installed at the lowest level of
the first frame 310a. The first busbar 392 1s connected to the
power system so that when the fault current occurs, the fault
current flows into the current-limiting resistor unit module

100. The fault current flows through the first busbar 392 to

the current-limiting resistor unit module 100 located at the
lowest level of the main frame 310. To this end, the first
busbar 392 has one end fixed to the first frame 310q and the
other end fixed to the frame 110 of the current-limiting
resistor unit module 100. The fixing may be achieved using,
bolts. Since the frame 110 of the current-limiting resistor
unit module 100 1s made of a conductive material, the fault
current may flow into the current-limiting resistor unit

module 100.

The current flowing into a first and lowest current-limiting,
resistor unit module 100 flows along the resistors forming a
single conductive line and flows along a second busbar 394
to a second current-limiting resistor unit module 100. To this
end, 1t 1s desirable that the second busbar 394 has a length
such that the lowest current-limiting resistor unit module
100 and the second current-limiting resistor unit module 100
may be connected to each other via the second busbar.
Further, the second busbar 394 extends along a length
direction of the second frame 3105.

As shown 1n FIG. 5, the second busbar 394 extends along
the length direction of the first frame 310aq and the second
frame 3106 and sequentially connects the plurality of cur-
rent-limiting resistor umit modules 100 to each other 1n a
zigzag manner. The highest current-limiting resistor unit
module 100 may be connected to an outside of the limiting,
resistor via the first busbar 392 installed at a top level of the
first frame 310a.

According to the above-described configuration, the cur-
rent-limiting resistor unit modules 100 housed in the tower-
shaped support apparatus 300 form a single conductive line
(See an arrow 1n FIG. 5). Thus, the fault current may be
limited 1in each of the current-limiting resistor unit modules
100 along the single conductive line.

In one example, when a fault current occurs 1n the power
system, a high voltage 1s applied to the current-limiting
resistor. Thus, the high voltage 1s applied to the current-
limiting resistor unit module 100. Therefore, because the
high voltage 1s applied to a portion above the lower base
frame 330, the portion may be defined as a ‘high voltage
portion’. A portion below the lower base frame 330 may be
insulated via the first insulating member 370 and the second
insulating member 380 and may be grounded to the instal-
lation face.

Each support frame 320 1s coupled to the main frame 310
as an msulator. However, the support frame 320 supports the
current-limiting resistor unit module 100 while contacting
the current-limiting resistor unit module 100 as the high
voltage portion. Therefore, the support frame 320 may be in
an intermediate voltage state (floating state) other than the
ground state or the high voltage state. This induced voltage
1s not good 1n terms of isulation performance. Therefore,
when coupling the support frame 320 to the current-limiting,
resistor unit module 100 via the conductive maternial based
module coupling link 324, the support frame 320 and the
current-limiting resistor unit module 100 have the common
mode voltage. This 1s because 1t 1s easier and structurally
simpler to allow the support frame 320 and the current-
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limiting resistor unit module 100 to have the common mode
voltage than to ground the support frame 320.

In the tower-shaped support apparatus 300 according to
the present disclosure having the above-described configu-
ration, the current-limiting resistor device may be config-
ured based on a required resistance magnitude by varying
the number of current-limiting resistor unit modules 100 to
be accommodated 1n the apparatus 300. When configuring
the current-limiting resistor unit modules 100 while consid-
ering that the required resistance varies depending on the
power system to which the current-limiting resistor umit
modules 100 are applied, the modular current-limiting resis-
tor device may be easily configured.

As described above, the current-limiting resistor unit
module 100 may be constructed such that the resistance
thereof 1s 1 ohm (a). Therefore, as shown 1n FIG. 5, the
modular current-limiting resistor device may be constructed
using 8 unit modules 100.

When, as shown i FIG. 5, the modular current-limiting
resistor device 1s constructed using the 8 unit modules 100,
and when the modular current-limiting resistor device 1is
activated, a temperature of each unit module 100 rises.
When the temperature of the unit module 100 rises and the
surrounding air 1s heated, the heated air ascends.

Accordingly, air tlows from a bottom to a top of the
tower-shaped support apparatus 300 may occur. Natural
convection occurs as cold air from a bottom of the tower-
shaped support apparatus 300 1s introduced into the modules
100. Each unit module 100 1s cooled down as air flows from
a bottom of the frame of the module to a top thereof via the
natural convection.

Each unit module 100 is constructed such that a plate face
of the plate resistor 110 1s oriented 1n a vertical direction 1n
which the natural convection occurs. In other words, the
stacking direction of the plate resistors 110 1s perpendicular
to the vertical direction in the natural convection occurs.
Further, in each unit module 100, a spacing may be defined
between the stacked plate resistors 110. Therefore, the air
rising up due to the natural convection easily passes through
the spacing between the plate resistors 110, so that the
cooling eflect 1s increased, compared to the conventional
current-limiting resistor 1 according to FIG. 1.

The tower-shaped support apparatus according to an
embodiment of the present disclosure as described above has
the support frame bent downwards. However, the shape of
the support frame may be modified 1n various forms (De-
tailed descriptions of the same components as those of the
above-described embodiment will be omitted).

FIG. 6 and FIG. 7 are perspective views showing tower-
shaped support apparatuses according to other embodiments
of the present disclosure, respectively.

As shown 1n FIG. 6, in the tower-shaped support appa-
ratus 300 according to another embodiment of the present
disclosure, the support frame 320' may have a ‘L’ shaped
cross-section. That 1s, the support frame 320" 1s bent hori-
zontally from a vertical face thereof that 1s coupled to the
main frame 310. The horizontal faces of the support frames
320" may be spaced from each other. The current-limiting
resistor unit module 100 may be supported on the horizontal
faces.

Alternatively, as shown in FIG. 7, in the tower-shaped
support apparatus 300 according to another embodiment of
the present disclosure, the support frame 320" may have a
cross section 1n a shape of a 90 degrees-rotated ‘U’. When
the support frame 320" has the 90 degrees-rotated ‘U’
shaped cross section, rollers or projections may be disposed
on the fames supporting the stack of the current-limiting
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resistor unit module 100 such that a stack of the resistors and
the fames supporting the stack of the current-limiting resis-
tor umit module 100 are smoothly inserted into the support
frame 320",

Alternatively, although not shown in the drawing, the
support frame has a L-shaped cross section. A roller or the
like may be disposed on the current-limiting resistor unit
module.

As long as the current-limiting resistor unit module may
be seated on the support frame 1 a sliding manner, the
support frame may have an structure.

FIG. 8 1s a perspective view showing a tower-shaped
support apparatus according to another embodiment of the
present disclosure. FIG. 9 1s a perspective view showing
main components ol the tower-shaped support apparatus
according to FIG. 8. FIG. 10 1s a perspective view showing
a lower support structure of the tower-shaped support appa-
ratus according to FIG. 8. FIG. 11 1s a perspective view
showing a state in which a current-limiting resistor unit
module 1s coupled to a tower-shaped support apparatus
according to another embodiment of the present disclosure.

As shown m FIGS. 8 to 11, a tower-shaped support
apparatus 400 according to an embodiment of the present
disclosure houses a plurality of current-limiting resistor unit
modules 100. The tower-shaped support apparatus 400
includes a plurality of main frames 410 constituting a basic
framework, and a plurality of support frames 420 installed
on the main frames 410 to support the current-limiting
resistor unit modules 100 thereon. Further, the tower-shaped
support apparatus 400 further includes a lower base frame
430 supporting the main frames 410 and the support frames
420, and a lower frame 440 fixed to an installation face. The
tower-shaped support apparatus 400 further includes an
upper base frame 450 that supports the main frame 410 and
the support frame 420, and an upper frame 460 that fixes the
upper base frame 450. First insulating members 470 for
insulation may be respectively installed between the lower
base frame 430 and the lower frame 440 and between the
upper base frame 450 and the upper frame 460. Second
insulating members 480 for additional insulation may be
respectively on the lower base frame 430 and the upper base
frame 450. While the current-limiting resistor unit modules
100 are installed 1n the tower-shaped support apparatus 400,
the current-limiting resistor unit modules 100 are electrically
connected to a power system via a plurality of busbars 490.

As shown 1n FIG. 8 and FIG. 9, the main frames 410
constitutes the basic framework of the tower-shaped support
apparatus 400. The main frames 410 may extend vertically
from the installation face. The four main frames 410 may be
arranged and spaced apart from each other to accommodate
the hexahedral current-limiting resistor unit modules 100.
The main frames 410 may be made of an 1nsulating material
and thus may not be conductive with the current-limiting
resistor unit module 100 installed thereon.

Further, the main frames 410 may be coupled to the
support frames 420 using bolts, and support the current-
limiting resistor unit modules 100. Therefore, the main
frames 410 may be arranged to define a rectangular paral-
lelepiped.

The main frames 410 include a first frame 410a and a
second frame 41056. The second frame 41056 1s spaced apart
from the first frame 410a by a predefined spacing. A third
frame 410c¢ and a fourth frame 410d are opposite to the first
frame 410a and the second frame 4105, respectively. A
spacing between the first frame 410a and the second frame
4105 1s the same as that between the third frame 410c¢ and
the fourth frame 410d4. A spacing between the first frame
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410a and the third frame 410c¢ 1s greater than that between
the first frame 410a and the second frame 4105. Similarly,
a spacing between the second frame 4105 and the fourth
frame 4104 1s greater than that between the first frame 410q
and the second frame 4105. A spacing between the first
frame 410a to the fourth frame 4104 may be set in consid-
eration of a size of the current-limiting resistor unit module
100. The support frames 420 may be coupled to the first
frame 410q to the fourth frame 410d.

The support frames 420 extends horizontally, that 1s, 1n a
parallel manner to the installation face, that is, in a perpen-
dicular manner to the main frames 410. Since the current-
limiting resistor unit modules 100 are stacked 1n the length
direction of the main frames 410, an extension direction of
the support frames 420 1s perpendicular to a direction in
which plate resistors 130 of the current-limiting resistor unit
module 100 are stacked. The support frames 420 include a
plurality of support frames. A pair of the support frames 420
are mounted at the same vertical level. The support frame
420 may be made of a conductive maternial so that the
current-limiting resistor unit module 100 and the support
frame 410 coupled to the current-limiting resistor unit
module 100 have a common mode voltage. In this connec-
tion, the common mode voltage may refer to a phenomenon
in which a voltage applied to the unit module and a voltage
applied to the support frame are equal to each other. This
will be described later.

As shown 1n FIG. 8 and FIG. 9, a first support frames 420
1s coupled, at both ends thereof, to the first frame 410a and
the third frame 410c, respectively. Further, a second support
frame 420 1s coupled, at both ends thereof, to the second
frame 41056 and the fourth frame 4104, respectively. The first
support frame 420 coupled to the first frame 410q and the
third frame 410c¢ 1s disposed at the same vertical level as that
of the second support frame 420 coupled to the second frame
4106 and the fourth frame 410d. The pair of support frames
420 at the same vertical level support one current-limiting
resistor unit module 100 thereon (See FIG. 3).

A horizontal face of the support frame 420 contacting a
bottom of the current-limiting resistor unit module 100 faces
upwardly of the tower-shaped support apparatus 400. A
vertical face that 1s bent vertically and downwardly from the
face facing upward 1s fixed to the main frame 410. Fixing of
the support frame 420 to the main frame may be accom-
plished using bolts and nuts.

The current-limiting resistor unit module 100 has a struc-
ture 1n which a plurality of stacked resistors are supported,
on both opposing sides thereot, by the frames, respectively.
The current-limiting resistor unit module 100 may be pushed
along a length direction of the frame and then mounted on
the support frames 420. That 1s, when the operator puts the
current-limiting resistor unit module 100 on the support
frame 420 and presses and pushes the module 100, the
current-limiting resistor unit module 100 may be seated on
the support frames 420.

Although not shown 1n the drawing, a stopper frame or the
like may be disposed to limit movement of the current-
limiting resistor unit module 100 so that the current-limiting
resistor unit module 100 does not deviate from the support
frame 420. The stopper frame may extend between adjacent
main Irames 410 and 1n a perpendicular manner to the
direction of movement of the current-limiting resistor unit
module 100. That 1s, based on FIG. 9, the stopper frame may
extend between the third frame 410c¢ and the fourth frame
410d.

A direction 1 which the plate resistors of the current-
limiting resistor unit module 100 are stacked 1s perpendicu-
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lar to a length direction of the main frame. The support
frames 420 may be arranged vertically and spaced from each
other vertically and support the current-limiting resistor unit
modules 100 arranged along a direction perpendicular to the
stacking direction of the current-limiting resistor unit mod-
ules 100.

A plurality of bolt holes 422 are defined in the support
frame 420 to {ix the current-limiting resistor unit module
100 thereto. The bolt holes 422 are formed in a face of the
support frame fixed to the main frame 410 and are formed
to pass through the support frame and are arranged along the
length direction of the support frame 420. A module cou-
pling link 424 1s fixed to the bolt hole 422 using a bolt 426
to fix the current-limiting resistor unit module 100 to the
support frame. A conductive line 1s formed via a plurality of
busbars 490 1n a state 1n which the current-limiting resistor
unit modules 100 are accommodated 1n the apparatus. The
current-limiting resistor umit module 100 1s conductive only
via the busbar 490. This will be described later.

As shown 1 FIG. 11, the module coupling link 424 may
be embodied as a bar made of a conductive material and
having a predefined length. The module coupling link 424
has one end coupled to the support frame 420 and the other
end coupled to a frame of the current-limiting resistor unit
module 100. The module coupling link 424 1s coupled to the
support frame 420 and the current-limiting resistor unit
module 100 using the bolts 426. The module coupling link
424 and the support frame 420 are made of the conductive
matenial. Thus, when voltage 1s applied to the current-
limiting resistor unit module 100, a common mode voltage
1s applied to the support frame 420 via the module coupling
link 424.

After the main frames 410 and the support frame 420
having the above-described structures are coupled to each
other, tops and bottoms thereot are fixed to the installation
face via the support structure and the insulator.

As shown 1n FIG. 8 and FIG. 9, the lower base frames 430
are coupled to the bottoms of the main frames 410. The
lower base frames 430 are supported on a plurality of first
insulating members 470. The first insulating members 470 1s
supported on the lower frame 440 that 1s fixed to the
installation face. A second insulating member 480 1s
installed between the lower base frames 430.

The lower base frames 430 are coupled to the bottoms of
the main frames 410 to support the main frames 410. The
lower base frame 430 has a predefined thickness and size.
FIG. 10 shows an example 1n which the lower base frame
has a hexahedral shape. The lower base frames 430 includes
a pair of the lower base frames. The lower base frame 430
extends 1n a direction corresponding to the length direction
of the support frame 420 to support a pair of main frames
410. One lower base frame 430 may support the first frame
410a and the third frame 410c¢, while the other lower base
frame 430 may support the second frame 41056 and the fourth
frame 410d. The lower base frame 430 may be coupled to
the main frame 410 using a connecting bracket 432 and a
bolt 426.

The connecting bracket 432 1s a L shaped bracket and 1s
coupled to the main frame 410 via a plurality of bolts 434.

The lower base frame 430 may be made of a material
having predefined rigidity to support the plurality of current-
limiting resistor unit modules 100. For example, the lower
base frame 430 may be made of SUS (stainless steel).

The first insulating member 470 1s coupled to a bottom of
the lower base frame 430.

The first insulating member 470 may act as an insulator
and may include a plurality of the first insulating members
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to support the lower base frames 430. Four first insulating
members 470 may be provided to support both ends of each
of the two lower base frames 430. The first insulating
member 470 has one end coupled to a bottom face of the
lower base frame 430 and the other end coupled to a top face
of the lower frame 440. The first insulating member 470
serves as an insulator between the lower base frame 430 and
the lower frame 440.

The lower frame 440 supports the first insulating member
470 and 1s fixed to the installation face. The lower frames
440 should support a total weight of the tower-shaped
support apparatus 400. Therefore, lower frame 440 may be
made of a material with predefined thickness and rigidity.
For example, the lower frame 440 may be made of steel.
Even when the lower frame 440 1s made of a conductive
material, the lower frame 440 1s fixed to the 1nstallation face,
and thus may be defined as ‘ground’. Since the current tends
to tlow toward a portion having a smaller resistance, the
current may flow toward the ground when the fault current
flows 1to the current-limiting resistor unit module 100. To
prevent this problem, the first msulating member 470 1s
installed.

In another example, a second insulating member 480 may
be 1nstalled between the lower base frames 430. The second
insulating member 480 1s mstalled between the pair of lower
base frames 430 to msulate the lower base frames 430 from
cach other.

The lower support structure having the above-described
structure may be applied 1n the same manner to a top portion
of the tower-shaped support apparatus 400 (Since the upper
support structure has the same configuration and shape as
those of the lower support structure, detailed description of
the upper support structure will be omitted).

As shown 1n FIG. 8, a pair of upper base frames 430 is
coupled to tops of the main frames 410. The upper base
frame 450 1s coupled to the main frame 410 by fastening a
connecting bracket 452 using a bolt 454. A second insulating
member 480 1s installed between the upper base frames 450.
Four second insulating members 480 are coupled to tops of
the upper base frames 450. The upper frame 460 1s coupled
to the top of the first insulating member 470. The upper
frame 460 may be fixed to a top of a switchboard or a top
of an outer casing. The upper frame 460 also serves as the
ground.

The tower-shaped support apparatus 400 having the above
structure accommodates and supports the plurality of cur-
rent-limiting resistor unit modules 100 to define a single
conductive line. This will be described 1n detail with refer-
ence to FIG. 11 as follows.

The tower-shaped support apparatus 400 houses the cur-
rent-limiting resistor unit modules 100 such that the number
of the modules 1s based on a power system to which the
modules are applied. For example, one current-limiting
resistor unit module 100 may have a resistance magnitude of
1 ohm (a), and 8 ohms resistance of the current-limiting
resistor 1s required for the power system. Thus, the tower-
shaped support apparatus 400 may house 8 current-limiting
resistor unit modules 100 to form the 8 ohm current-limiting
resistor.

The current-limiting resistor unit module 100 1ncludes a
plurality of plate resistors, each extending 1n a meandering
manner, and a pair of support frames for supporting the
stacked resistors.

One plate resistor has a conductive line extending 1n a
meandering manner. In one unit module 100, the plate
resistors defines a single conductive line. The stacking
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direction of the resistors 1s horizontal 1n a parallel manner to
the mstallation face where the tower-shaped support appa-
ratus 400 1s 1nstalled.

The plurality of current-limiting resistor unit modules 100
housed in the tower-shaped support apparatus 400 may be
clectrically connected to each other via the plurality of
busbars 490, thereby to form a single conductive line.

A first busbar 492 may be installed at the lowest level of
the first frame 410a. The first busbar 492 1s connected to the
power system so that when the fault current occurs, the fault
current flows into the current-limiting resistor unit module
100. The fault current flows through the first busbar 492 to
the current-limiting resistor unit module 100 located at the
lowest level of the main frame 410. To this end, the first
busbar 492 has one end fixed to the first frame 410q and the
other end fixed to the frame 110 of the current-limiting
resistor unit module 100. The fixing may be achieved using
bolts. Since the frame 110 of the current-limiting resistor
unit module 100 1s made of a conductive material, the fault
current may flow into the current-limiting resistor unit
module 100.

The current flowing 1nto a first and lowest current-limiting,
resistor unit module 100 flows along the resistors forming a
single conductive line and flows along a second busbar 494
to a second current-limiting resistor unit module 100. To this
end, 1t 1s desirable that the second busbar 494 has a length
such that the lowest current-limiting resistor unit module
100 and the second current-limiting resistor unit module 100
may be connected to each other via the second busbar.
Further, the second busbar 494 extends along a length
direction of the second frame 4105.

As shown 1n FIG. 11, the second busbar 494 extends along
the length direction of the first frame 410aq and the second
frame 4106 and sequentially connects the plurality of cur-
rent-limiting resistor umit modules 100 to each other 1n a
zigzag manner. The highest current-limiting resistor unit
module 100 may be connected to an outside of the limiting,
resistor via the first busbar 492 installed at a top level of the
first frame 410a.

According to the above-described configuration, the cur-
rent-limiting resistor unit modules 100 housed 1n the tower-
shaped support apparatus 400 form a single conductive line
(See an arrow 1n FIG. 11). Thus, the fault current may be
limited 1in each of the current-limiting resistor unit modules
100 along the single conductive line.

Further, when a fault current occurs 1n the power system,
a high voltage 1s applied to the current-limiting resistor.
Thus, the high voltage 1s applied to the current-limiting
resistor unit module 100. Therefore, because the high volt-
age 1s applied to a portion above the lower base frame 430,
the portion may be defined as a ‘high voltage portion”. A
portion below the lower base frame 430 may be insulated via
the first insulating member 470 and the second insulating,
member 480 and may be grounded to the installation face.

Each support frame 420 1s coupled to the main frame 410
as an msulator. However, the support frame 420 supports the
current-limiting resistor unit module 100 while contacting
the current-limiting resistor unit module 100 as the high
voltage portion. Therefore, the support frame 420 may be in
an intermediate voltage state (floating state) other than the
ground state or the high voltage state. This induced voltage
1s not good 1n terms of isulation performance. Therefore,
when coupling the support frame 420 to the current-limiting,
resistor unit module 100 via the conductive maternial based
module coupling link 424, the support frame 420 and the
current-limiting resistor unit module 100 have the common
mode voltage. This 1s because 1t 1s easier and structurally
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simpler to allow the support frame 420 and the current-
limiting resistor unit module 100 to have the common mode
voltage than to ground the support frame 420.

In the tower-shaped support apparatus 400 according to
the present disclosure having the above-described configu-
ration, the current-limiting resistor device may be config-
ured based on a required resistance magnitude by varying
the number of current-limiting resistor unit modules 100 to
be accommodated 1n the apparatus 400. When configuring
the current-limiting resistor unit modules 100 while consid-
ering that the required resistance varies depending on the
power system to which the current-limiting resistor umnit
modules 100 are applied, the modular current-limiting resis-
tor device may be easily configured.

As described above, the current-limiting resistor unit
module 100 may be constructed such that the resistance
thereof 1s 1 ohm (a). Therefore, as shown 1n FIG. 11, the
modular current-limiting resistor device may be constructed
using 8 unit modules 100.

When, as shown 1n FIG. 11, the modular current-limiting
resistor device 1s constructed using the 8 unit modules 100,
and when the modular current-limiting resistor device 1is
activated, a temperature of each unit module 100 rises.
When the temperature of the unit module 100 rises and the
surrounding air 1s heated, the heated air ascends.

Accordingly, air flows from a bottom to a top of the
tower-shaped support apparatus 400 may occur. Natural
convection occurs as cold air from a bottom of the tower-
shaped support apparatus 400 1s introduced into the modules
100. Each unit module 100 1s cooled down as air flows from
a bottom of the frame of the module to a top thereof via the
natural convection.

Each unit module 100 is constructed such that a plate face
of the plate resistor 110 1s oriented 1n a vertical direction 1n
which the natural convection occurs. In other words, the
stacking direction of the plate resistors 110 1s perpendicular
to the vertical direction in the natural convection occurs.
Further, in each unit module 100, a spacing may be defined
between the stacked plate resistors 110. Therefore, the air
rising up due to the natural convection easily passes through
the spacing between the plate resistors 110, so that the
cooling eflect 1s increased, compared to the conventional
current-limiting resistor 1 according to FIG. 1.

The present disclosure as described above may include
various substitutions, modifications and changes within the
scope of the technical i1dea of the present disclosure and
made by those with ordinary knowledge in the technical
field to which the present disclosure belongs. Thus, the
scope of the disclosure 1s not limited to the above embodi-
ments and the accompanying drawings.

What 1s claimed 1s:

1. A tower-shaped support apparatus comprising:

a plurality of main frames, each main frame of the
plurality of main frames extending i a vertical direc-
tion upwardly from an installation face;

a plurality of support frames arranged vertically, each
support frame of the plurality of support frames extend-
ing in a horizontal direction and coupled to two main
frames of the plurality of main frames, wherein a pair
of opposing support frames of the plurality of support
frames are spaced from each other and are disposed at
the same vertical level, and support a corresponding
current-limiting resistor unit module of a plurality of
current-limiting resistance unit modules limiting a fault
current ol a power system;

lower frames 1nstalled on bottoms of the plurality of main
frames, and grounded;




US 11,800,672 B2

17

upper irames installed on tops of the plurality of main
frames, and grounded;
a plurality of first insulating members respectively
installed between the plurality of main frames, the
lower frame, and the upper frame to insulate the
plurality of main frames and the lower frame and
between the plurality of main frames and the upper
frame;
a plurality of upper base frames disposed between and
coupled to the first insulating members and the plurality
of main frames to support the plurality of main frames;
a plurality of second insulating members 1nstalled
between the plurality of upper base frames facing each
other to insulate between the plurality of upper base
frames;
a plurality of first busbars including an upper first busbar
installed on an upper side of the plurality of main
frames and a lower first busbar installed on a lower side
of the plurality of main frames to be connected to the
power system to introduce a fault current into the
plurality of current-limiting resistor umit modules when
a fault current occurs; and
a plurality of second busbars installed on the plurality of
main {frames 1n a zigzag form between the plurality of
first busbars to sequentially energize the plurality of
current-limiting resistor unit modules, wherein the zig-
zag form defines a pattern for a first second busbar, a
second second busbar, and a third second busbar of the
plurality of second busbars such that:
the first second busbar 1s connected to a first support
frame of the pair of opposing support frames at a first
distance from the lower frames and not directly
connected to a second frame of the pair of opposing
support frames;

the second second busbar 1s connected to the second
frame of the pair of opposing support frames at a
second distance from the lower frames and not
directly connected to the first support frame of the
pair of opposing support frames;

the third second busbar 1s connected to the first support
frame of the pair of opposing support frames at a
third distance from the lower frames and not directly
connected to the second frame of the pair of oppos-
ing support frames; and

wherein the third distance i1s greater than the first
distance;

wherein the second distance overlaps the first distance
and the third distance; and

wherein the support frame 1s formed 1n a “U”-shaped or
“L”-shaped cross section.

2. The tower-shaped support apparatus of claim 1,

wherein the pair of opposing support frames support a
bottom of a corresponding one of the plurality of current-
limiting resistor unit modules.

3. The tower-shaped support apparatus of claim 2,

wherein each support frame of the plurality of support
frames 1s made of a conductive material.

4. The tower-shaped support apparatus of claim 3, further

comprising a plurality of module coupling links,

wherein each module coupling link of the plurality of
module coupling links has one end coupled to a certain
support frame of the plurality of support frames using
a first bolt, and the other end coupled to a correspond-
ing current-limiting resistor unit module of the plurality
of current-limiting resistor unit modules using a second
bolt such that the certain support frame and the corre-
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sponding current-limiting resistor unit module are
coupled to each other via each module coupling link,
wherein each module coupling link has a bar shape and 1s
made of a conductive material.
5. The tower-shaped support apparatus of claim 1,

wherein each main frame of the plurality of main frames 1s
made of an insulating materal.

6. A tower-shaped support apparatus comprising:
a plurality of main frames, each main frame of the
plurality of main frames extending in a vertical direc-
tion upwardly from an 1installation face;
a plurality of support frames arranged vertically, each
support frame of the plurality of support frames extend-
ing i a horizontal direction and coupled to two main
frames of the plurality of main frames, wherein a pair
of opposing support frames are spaced from each other
and are disposed at the same vertical level, and support
a corresponding current-limiting resistor unit module
of a plurality of current-limiting resistor unit modules
limiting a fault current of a power system;
lower frames 1nstalled on bottoms of the plurality of main
frames, and grounded;
upper frames installed on tops of the plurality of main
frames and grounded;
a plurality of first insulating members respectively
installed between the plurality of main frames and the
lower frames and between the plurality of main frames
and the upper frames to insulate the plurality of main
frames and the lower frames from each other and
insulate the plurality of main frames and the upper
frames from each other; and
a plurality of busbars installed on the main frames to
clectrically connect the power system and the current-
limiting resistor umit modules to each other, including:
a plurality of first busbars installed including an upper
first busbar 1nstalled on an upper side of the plurality
of main frames and a lower first busbar installed a
lower side of the plurality of main frames to be
connected to the power system, respectively, to mtro-
duce a fault current into the plurality of current-
limiting resistor unit modules when a fault current
occurs; and

a plurality of second busbars installed on the plurality
of main frames 1n a zigzag form between the plu-
rality of first busbars to sequentially energize the
current-limiting resistor unit modules, wherein a first
busbar of the plurality of second busbars i1s con-
nected to a first main frame of the plurality of main
frames at a first level, a second busbar of the plurality
of second busbars 1s connected to a second main
frame of the plurality of main frames at the first level
and a second level, and a third busbar of the plurality
of second busbars 1s connected to the first main
frame at the second level and a third level, wherein
the fault current passes through a first current-limat-
ing resistor umt located at the first level 1n a first
direction and through a second current-limiting
resistor unit located at the second level 1n a second
direction opposite to the first direction, wherein the
second level 1s positioned between the first level and
the third level 1n the vertical direction;

wherein the support frame 1s formed 1n a “U”-shaped or
“L”-shaped cross section.

7. The tower-shaped support apparatus of claim 6, further

65 comprising a plurality of module coupling links,

wherein each link of the plurality of module coupling
links has one end coupled to a certain support frame of
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the plurality of support frames using a first bolt, and the
other end coupled to the corresponding current-limiting
resistor unit module of the plurality of current-limiting
resistor unit modules using a second bolt such that the
certain support frame and the corresponding current- 5
limiting resistor umt module are coupled to each other
via each link,

wherein each link has a bar shape and 1s made of a

conductive material.

8. The tower-shaped support apparatus of claim 6, 10
wherein each of the busbars has one end coupled to a certain
main frame the plurality of main frames and the other end
coupled to the corresponding current-limiting resistor unit
module.

9. The tower-shaped support apparatus of claim 6, further 15
comprising a plurality of upper base frames disposed
between and coupled to the first insulating members and the
plurality of main frames to support the plurality of main
frames.

10. The tower-shaped support apparatus of claim 9, fur- 20
ther comprising a plurality of second insulating members
installed at the upper base frames, and extending between
opposing upper base frames to 1nsulate the opposing upper
base frames from each other.

11. The tower-shaped support apparatus of claim 1, 25
wherein the support frame i1s formed in the “U”-shaped
cross-section, having a first member connected to a first
main frame of the plurality of main frames, a second
member connected to a first side of the first member and bent
to extend in the horizontal direction towards a second main 30
frame of the plurality of main frames, and a third member
connected to a second side of the first member, opposite to
the first side, and bent to extend 1n the horizontal direction
towards the second main frame of the plurality of main
frames. 35

12. The tower-shaped support apparatus of claim 1,
wherein the support frame 1s formed in the “L”-shaped
cross-section, having a first member connected to a first
main frame of the plurality of main frames, and a second
member connected to a side closest to the lower base frames 40
of the first member and bent to extend in the horizontal
direction towards a second main frame of the plurality of
main frames.

13. The tower-shaped support apparatus of claim 1,
wherein sequentially energizing the current-limiting resistor 45
unit modules according to the zigzag form between the
plurality of first busbars passes a current 1n a first direction
through a first current-limiting resistor unit module at a first
vertical level of the main frames, passes the current 1n a
second direction, opposite to the first direction, through a 50
second current-limiting resistor unit module at a second
vertical level of the main frames, and passes the current in
the first direction through a third current-limiting resistor
unit module at a third vertical level of the main frames,
wherein the second current-limiting resistor unit module 1s 55
vertically disposed between the first current-limiting resistor
unit module and the third current-limiting resistor unit
module, receives the current from the first current-limiting
resistor unit module and provides the current to the third
current-limiting resistor unit module. 60

14. The tower-shaped support apparatus of claim 6,
wherein the support frame i1s formed in the “U”-shaped
cross-section, having a first member connected to a {first
main frame of the plurality of main frames, a second
member connected to a first side of the first member and bent 65
to extend 1n the horizontal direction towards a second main
frame of the plurality of main frames, and a third member
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connected to a second side of the first member, opposite to
the first side, and bent to extend 1n the horizontal direction
towards the second main frame of the plurality of main
frames.

15. The tower-shaped support apparatus of claim 6, The
tower-shaped support apparatus of claam 1, wherein the
support frame 1s formed in the “L”-shaped cross-section,
having a first member connected to a first main frame of the
plurality of main frames, and a second member connected to
a side closest to the lower base frames of the first member
and bent to extend in the horizontal direction towards a
second main frame of the plurality of main frames.

16. The tower-shaped support apparatus of claim 6,
wherein sequentially energizing the current-limiting resistor
umt modules according to the zigzag form between the
plurality of first busbars passes a current 1n a first direction
through a first current-limiting resistor unit module at a first
vertical level of the main frames, passes the current 1n a
second direction, opposite to the first direction, through a
second current-limiting resistor unit module at a second
vertical level of the main frames, and passes the current in
the first direction through a third current-limiting resistor
unit module at a third vertical level of the main frames,
wherein the second current-limiting resistor unit module 1s
vertically disposed between the first current-limiting resistor
unit module and the third current-limiting resistor unit
module, recetves the current from the first current-limiting
resistor unit module and provides the current to the third
current-limiting resistor unit module.

17. The tower-shaped support apparatus of claim 1,
wherein the plurality of main frames are made from an
clectrically insulating material.

18. The tower-shaped support apparatus of claim 6,
wherein the plurality of main frames are made from an
clectrically insulating material.

19. A tower-shaped support apparatus comprising:

a plurality of main frames made from an electrically

insulating material and including:
a first main frame;

a second main frame;

a third main frame;

a fourth main frame;

a plurality of support frames made from an electrically

conductive material and including;

a first support frame, directly connected to the first
main frame and the third main frame at a first level;

a second support frame, directly connected to the first
main frame and the third main frame at a second
level:;

a third support frame, directly connected to the second
main frame and the fourth main frame at the first
level:;

a fourth support frame, directly connected to the second
main frame and the fourth main frame at the second
level;

a plurality of current-limiting resistor unit modules that
support corresponding pluralities of stacked resistors
and including;:

a first current-limiting resistor unit module, supported
by and electrically connected between the first sup-
port frame and the second support frame between the
first level and the second level:

a second current-limiting resistor unit module, sup-
ported by and electrically connected between the
third support frame and the fourth support frame
between the second level and a third level;
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a plurality of busbars made of a conductive material and
including;:

a first busbar physically connected to the first main
frame and electrically connecting a power system to
the first current-limiting resistor unit module;

a second busbar physically connected the second main
frame and electrically connecting the first current-
limiting resistor unit module and the second current-
limiting module; and

a third busbar, physically connected to the first main 10

frame and electrically connecting the second current-
limiting resistor unit module to one of a third cur-
rent-limiting resistor unit located at or above the
third level or the power system.

x x * Cx x
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